Morus alba L. has been used in Asian traditional medicine as an anti-inflammatory, anti-asthmatic, anthelmintic and as a whitening agent in cosmetic products. Mulberroside A is the major active compound from M. alba root bark. In this study, cell suspension and root cultures of M. alba were established, and the effect of the elicitors on the enhancement of mulberroside A production in M. alba was investigated. The cell suspension and root cultures of M. alba were exposed to elicitors and then mulberroside A contents were determined by an indirect competitive ELISA method. High levels of mulberroside A were obtained by addition of 100 and 200 µM salicylic acid with 24 h exposure time in cell suspension cultures (37.9 ± 1.5 and 34.0 ± 4.7 mg/g dry wt., respectively). Furthermore, addition of yeast extract at 2 mg/mL with 24 h exposure time can significantly increase mulberroside A contents from both cell suspension (3.2-fold) and root cultures (6.6-fold). Mulberroside A contents from both cell suspension and root cultures after treatment with elicitors are similar or higher than those found in the intact root and root bark of several years old M. alba. These results indicate that mulberry tissue cultures using the elicitation method are interesting alternative sources for mulberroside A production.
Morus alba L. (white mulberry) is commonly cultivated in Asian countries where it has been used for traditional medicine and natural health products [1] . Mulberroside A (Figure 1 ), a glycoside of oxyresveratrol, is a major active compound from the root and root bark of M. alba that is associated with a potent uricosuric effect, a nephroprotective action [2] and can inhibit ultraviolet B irradiationinduced melanogenesis [3] . The biosynthetic pathway of mulberroside A involves a cinnamoylpolyketide intermediate with L-phenylalanine and L-tyrosine contributing to the synthesis of the cinnamoyl part of mulberroside A. Stilbene synthase (STS) is the key enzyme to catalyze the biosynthesis of the stilbene backbone to resveratrol and oxyresveratrol, respectively [4, 5] . Both aglycone and glycoside forms of mulberroside A occur naturally in Morus sp. [5] . Its aglycone, oxyresveratrol, shows various pharmacological effects, including antioxidant [6], anti-inflammatory [7], antityrosinase [8] , antiviral [9, 10] , and anthelmintic activities [11] .
Plant tissue culture technology provides continual and reliable sources of raw material for herbal health products. In general, culture conditions including nutrition, environmental protection and temperature are controllable by the tissue culture method. Several medicinal plant tissue culture experiments have provided new potential sources of high-value compounds, including hypericin [12] , miroestrol, deoxymiroestrol [13] and taxol [14] . To date, natural health and cosmetic products containing mulberry root bark extracts are widely available on the market. However, different environmental conditions could lead to variation of mulberroside A from natural Morus sp. [15] . Therefore, plant tissue culture could be an interesting alternative method for mulberroside A production in in vitro cultures of M. alba. The tissue culture technique was developed for rapid propagation in large scale cultures of M. alba cultivation using Murashige and Skoog medium (MS) supplemented with 6-benzylamiopurine (BAP) and 1-naphthaleneacetic acid (NAA) [16] . Callus and adventitious roots of M. alba were investigated for the influence of auxins and cytokinins on rutin production [17] . In addition, enhanced production and secretion of rutin and GABA in immobilised cells of M. bombycis K. were reported [18] .
Elicitor-enhanced accumulation of secondary metabolites has received wide acceptance because of its ability to improve productivity of the plant tissue cultures. There are many useful elicitors that can influence the production of secondary metabolites of medicinal plants. However, no studies on the effect of elicitors for enhancement of mulberroside A production in M. alba have been reported to date. It would be interesting to find elicitors that can stimulate mulberroside A production in in vitro cultures of M. alba. To evaluate the potential of in vitro culture of M. alba as an alternative source of a major bioactive compound, mulberroside A accumulation in cell suspension and root cultures of M. alba were determined. Furthermore, we investigated the influence of elicitors on mulberroside A accumulation in in vitro cultures of M. alba. In order to determine mulberroside A levels in in vitro cultures, an enzyme-linked immunosorbent assay (ELISA), which provides a highly selective and sensitive method, was performed in this study [19] .
After transferring the leaf-derived calli into liquid MS medium supplemented with 0.1 mg/L TDZ and 1 mg/L NAA, the release of secondary metabolites into the liquid medium of the cell suspension was observed. The culture medium became more yellow after a few days, which could indicate the release of flavonoids [17] . In addition, we found that mulberroside A was also released into the medium. For this reason, mulberroside A accumulation in the culture medium of M. alba was also investigated in this study. Although mulberroside A could be released into the medium (extracellular mulberroside A), the intracellular mulberroside A content in both cell and root cultures was higher than the extracellular mulberroside A (7.4-16.6 and 3.0-7.3-fold, respectively).
To measure the growth pattern of M. alba in cultures, cell cultures were started in a 250 mL-flask containing 30 mL of medium. Every week, cell cultures and media were harvested (n=3) to investigate the biomass and mulberroside A production. The results show that the biomass of cell cultures increased during the first four weeks, then slowed to the stationary phase at the fifth week ( Figure 2 ). Total mulberroside A (sum of intra-and extracellular) concentration was non-significantly decreased in the second week then increased until the fourth week. After that, mulberroside A accumulations slowed and then decreased. Total mulberroside A accumulation was also slightly decreased at the second week and then increased at the third week followed by a slowdown and decrease after 4 weeks. The total mulberroside A concentrations were increased during weeks 2-4. The high biomass and mulberroside A production period are during 3-4 weeks of culture. Therefore, 21-day-old cell suspension cultures were chosen for the elicitation study. After transferring the regenerated roots to the liquid media, the growth rate and mulberroside A production for both the intra-and extracellular root cultures were investigated. M. alba root cultures were also started in a 250 mL-flask containing 30 mL medium. Root cultures were harvested every week (n=3). The dry weight and mulberroside A concentrations were increased at the third week of culture ( Figure 3 ). Therefore, 21-day-old root cultures were chosen for the elicitation study.
The effects of well-known elicitors on the mulberroside A accumulation in cell suspension cultures were studied by the addition of various concentrations and exposure times of each elicitor. A comparison between 24, 48 and 72 h exposure time indicated that 24 h is the best exposure time. Effects of elicitations on the levels of mulberroside A were decreased at 48 and 72 h (data not shown). The concentrations of elicitors and their effects on mulberroside A production with 24 h exposure are shown in Table 1 .
The results show that yeast extract and salicylic acid promote much better than methyl jasmonate and chitosan in cell suspension culture. Compared with the control group, the levels of total mulberroside A accumulation in cell cultures were 3.7 and 3.3-fold increased by addition of 100 and 200 µM salicylic acid (37.9 ± 1.5 and 34.0 ± 4.7 mg/g dry wt., respectively). In addition, the yeast extract at 2 mg/mL with 24 h exposure time exhibited a high elicitation effect on total mulberroside A production in cell suspension cultures (33.2 ± 3.8 mg/g dry wt., increased 3.2-fold, compared with the control group). These levels of mulberroside A are higher than those found in the intact root and root bark of the mother plant, which has been reported previously [19] .
Because the root cultures grow more slowly and produce lower mulberroside A levels than cell suspension, the selected concentrations of added elicitors were based on the result of elicitors from cell cultures. The optimal concentrations of elicitors and their effects on mulberroside A production with 24 h exposure are shown in Enhanced mulberroside A production from cell suspension and root cultures Natural Product Communications Vol. 10 (7) 2015 1255
A production in root cultures can be obtained by yeast elicitation (23.8 ± 0.3 mg/g dry wt., increased 6.6-fold, Table 2 ). The total mulberroside A levels in root culture after treatment with 2 mg/mL yeast extract for 24 h is similar to those of mulberroside A in the intact root and root bark of a several-years old, intact M. alba [19] . The high extracellular mulberroside A concentration in root culture was obtained by the addition of 2 mg/mL yeast extract for 24 h (6.7 ± 0.1 mg/g, increased 10.3-fold). The fold increase of extracellular mulberroside A is higher than that of intracellular mulberroside A. However, these results still indicate that the extracellular mulberroside A concentrations are generally lower than the intracellular concentrations in both the cell and root cultures.
The in vitro cultures of M. alba with yeast extract, methyl jasmonate or salicylic acid as elicitors can significantly enhance total mulberroside A production, compared with control groups (Table 1 and 2) . This result is consistent with a previous elicitation report for stimulation of stilbenes production [20] . Contrarily, total mulberroside A production was not significantly increased with the use of chitosan. Chitosan was reported as the most active elicitor in increasing stilbene production in grape cell cultures. Endogenous mono-glucosides could be increased 2 to 5-fold by chitosan, while the released amount increased 2 to 18-fold [21] , but it was less effective than the stilbenes elicitor with some conditions, as shown in the previous report by Santamaria et al. [22] and in our study. M. alba root barks are commercially available in the market at 25-50 US $/ kg dry wt., whereas, in this study, running cost for bench scale production of mulberroside A-rich M. alba cell culture is approximately 15-50 US $ /kg dry wt. Running cost of M. alba cell production is mainly due to costly chemicals (culture medium components). However, the chemical cost might be reduced in large scale production. In addition, there are advantages of M. alba cell culture including short cultivation time, controllable environment and high mulberroside A production.
In conclusion, due to the short culture period and high accumulation of mulberroside A, the cell suspension and root cultures of M. alba are interesting alternative sources for secondary metabolite production. In addition, the in vitro cultures with elicitation can be used as a high potential method for mulberroside A production. The culture method presented in our study may provide a promising tool for production of mulberroside A in large scale cultures.
Experimental
Chemicals: Mulberroside A was isolated from the root bark of M. alba as described previously [23] . Elicitation: Yeast extract was weighed, dissolved in distilled water, the pH adjusted to 5.5, and then autoclaved. Methyl jasmonate was dissolved in a few drops of absolute ethanol, followed by dilution with deionised water. The methyl jasmonate solution was adjusted to pH 5.5 and then filter-sterilised. Chitosan was dissolved in glacial acetic acid to a final concentration of 2%, v/v, by drop-wise addition at 60°C in 15 min, diluted with deionised water, adjusted to pH 5.5 and autoclaved; salicylic acid was filter-sterilised before use. The elicitors were added to in vitro cultures of M. alba after 18, 19 or 20 days of culture, at the following concentrations: yeast extract at 0.5, 1 and 2 mg/mL; methyl jasmonate at 50, 100 and 200 µM; chitosan at 10, 20 and 50 mg/L; and salicylic acid at 50, 100 and 200 µM. Cell and root cultures were harvested after 21 days of culture.
Sample preparation: Cell suspension and root samples were dried in a hot air oven at 50°C for 48 h and ground into powder. Dried, powdered plant samples were weighed (10 mg), extracted with 500 µL methanol and sonicated for 15 min. The extracts were centrifuged at 3,000 rpm for 3 min to collect the supernatant (n=3). This extraction procedure was repeated 4 times. Each combined extract was evaporated at 50°C and re-dissolved in 1 mL of methanol. Consequently, sample solutions were diluted to appropriated concentration in 20% methanol for mulberroside A determination by ELISA [19] .
To determine the extracellular mulberroside A concentrations in in vitro culture medium, standard mulberroside A in methanol was diluted with medium in 20% methanol. Twenty percent methanol in liquid MS medium was used as a negative control and a solvent for dilution. Media samples were prepared by the addition of methanol to 20% methanol in the sample and then serially diluted to the appropriate concentration.
Statistical analysis:
One-way analysis of variance (ANOVA) was performed to check different biomasses, activities and accumulations of mulberroside A in samples and compared with the Duncan test at p<0.05 set as the level of significance.
